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Foundational source sustaining all life on Earth
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» Biosynthesis: transform organic matter into energy and valuable chemicals




Artificial Photosynthetic Biohybrids is a Viable Way

Photosynthesis -
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® Photosensitizer combined with non-photosynthetic microorganisms
® Active the W-L pathway and Convert CO2 to CH3COOH under white light




Key factors in the hybrid systems (Biological foundation)
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1. Light energy capture and Photo-induced electrons (Materials)
2. Electron transfer (From material to bacteria)
3. Specific pathway activation (Biosynthesis)




Our Tools: Conjugated polymers
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» Conjugated polymers are organic macromolecules with alternating single and double bonds,
forming a continuous system of overlapping p-orbitals throughout the polymer chain.

C. Zhu, S. Wang*, et al., Chem. Rev., 2012, 112, 4687-4735; L. Feng, S. Wang*, et al. ,Chem. Soc. Rev. , 2013, 42, 6620-6633




Conjugated polymers: Ideal Biological Interface materials
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R. Gabrielsson*, E. Gomez*, et al, Sci. Adv, 2015, 1: e150113.




Artificial Photosynthetic Biohybrids
Photosensitizer combined with non-photosynthetic microorganisms
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Solar-powered Multi-organism Symbiont Mimic System
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Polypeptides synthesis (Bacitracin A and Polyglutamic acid), CO, and N, as carbon and nitrogen
Polypeptides synthesis, relying on enhanced direct interspecific substance and electron transfer

W. Yu, H. Bai*, S. Wang*, et al

., Sci. Adv., 2023, 9, eadf6772.
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Photosynthesis: Enhanced Light Capture and Energy Conversation
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® Chlorophyll and other pigments in the |~ kX ® PFP can help photosynthetic units with
chloroplasts capture the light energy and use i'“'. ,/' 8 v‘\;lder rang.e ofiightencrgyicaliection
it to drive the conversion. v an convers'on e

12



Photosynthesis: Enhanced Light Capture and Energy Conversation
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Improved the Products Exchange and Utilization Between Cells

_____________________________________________________________________
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Intercellular Directed Electron Transfer and Injection

From CO2 and N2 Fixation Modules (Syn and R. palustris) to Biosynthetic Modules (B.
licheniformis)
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Improved the Bacitracin A synthesis
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Summary and outlook

® \We developed a novel biohybrid system based on panchromatic polymer dots—
bacteria for photosynthetic CO2 reduction into acetic acid

® \We constructed solar-powered multi-organism symbiont mimic system and

created a new path to synthesize bio-functional polypeptides utilizing CO, and
N, as carbon and nitrogen sources.
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Artificial bacterial "factory" created to synthesize
proteins more efficiently

Source: Xinhua  Editor: huaxia 30317 1 nn u

BEIING, March 17 (Xinhua) -- Chinese researchers have created a kind of artificial bacterial "factory”
that uses solar power and airborne carbon dioxide and nitrogen to synthesize proteins essential for
applications in agriculture, medicine and the environment

While some organisms are capable of producing useful biclegical melecules, the industry requires a
greater quantity of these molecules than what can be naturally generated by microbes,

One solution is to add biocompatible conductive polymers into the biosystem to improve

photosynthesis and electron transfer between organisms.
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Summary

& Efficiency
Further development of high-performance photoelectronic materials
compatible with biological components is essential to improve system
efficiency.

® Stability
Optimizing the material-microbe interface and exploring better
biohybrid construction strategies are key to enhancing system stability.

® Applicability
Expanding product scope toward higher-value chemicals and
considering device integration and engineering design will promote
practical application.

18




Acknowledgments

Group members

Prof. Shu Wang
Prof. Fengting Lv, Prof. Yiming Huang

Dr. Weijian Chen, Jiantao Lin, Junjie Chen...

Cooperative partner

Prof. Haining Tian, Prof. Xi Zhang,
Prof. Chengfen Xing, Prof. Lidong Li ... ¥ NSFC, CAs, ICCAS

19




@ CCS Editor-in-Chief: Xi Zhang 5K%

Associate Editor-in-Chief : Qilin Zhou B HE#K

Weihong Tan 1§ ET5A
Xueming Yang #58H
Chihaya Adachi

Michael Gottfried
The flagship journal of the Chinese Chemical Society

PEHF SR AT

. 2024 — 2025 3
IMPACT FACTOR CITESCORI

International, highly-selective , English-
language journal with fewer than 300 articles
published per year

SRR Sk BRI AT

Capturing high-impact, transformative research .0 209 Facebook
results in all areas of chemistry and allied fields .

LS RABLENG FIRRERR R SRR
AR Article types include: Mini Reviews,

Communications, and Research Articles.

ZMNERE SREWHMRKE

9.2 (Q1) | 17.1

Global promotion of every article via WeChat,

www.chinesechemsoc.org/journal/ccschem

Currently == CAS DIRECTORY OF S Clari
_ - v X 2 Clarivate
indexed in: S 015101 OF T 5Co pus D OAJ SOURNALS Web of Science”

AMERICAN CHEMICAL SOCIETY




ccccccccccccccccccc

tecnal:a

MEMBER OF BASQUE RESEARCH
& TECHNOLOGY ALLIANCE

UPPSALA
UNIVERSITET

—
IZ ENERGIE

% UNIVERSITEIT
=% VAN AMSTERDAM

@ Kneia

ETHzurich

21



THANK YOU



